Background: Components of the systemic inflammatory response, combined to form inflammation-based prognostic scores (mGPS, NLR, PLR, PI, PNI) have been associated with overall survival. The aim of the present study was to compare various prognostic factors including many previously established parameters and such systemic inflammation-based prognostic scores in a series of incurable stage IV colorectal cancer (CRC) patients. Materials and Methods: Patients (n=167) with stage IV CRC undergoing surgical procedures between 2005 and 2013 were enrolled. Preoperatively (7-30 days before surgery), routine laboratory examinations were performed on the same day. We calculated scores using these data and analyzed the association with cancer specific survival (CSS) statistically. Results: Univariate analysis revealed significant associations between CSS and WBC, albumin, CRP, CEA values, mGPS, PNI, and PI values among preoperative factors. On multivariate analysis, high mGPS and high CEA independently predicted shorter CSS (p=0.001 and p=0.018) . A new scoring system was constructed using mGPS and CEA. When patients were separated into three categorized using this system, the new score accurately predicted CSS (p < 0.001). Conclusions: The present study indicates that a new scoring system, consisting of mGPS and CEA, is a simple and useful tool in predicting the survival of patients with incurable stage IV CRC, and should be included in the routine assessment of these patients for decision making of appropriate treatment.
Introduction
The survival of stage IV colorectal cancer (CRC) patients has improved because of advances in both surgery and chemotherapy. Nevertheless, only <15% of these patients survive for more than 5 years (Rosen, et al., 2000) . The patient-dependent parameters, such as age, medical comorbidities, extent of distant metastases, and local invasion are the well-established factors that may influence the decision making on whether a curative or palliative operation, or a non-operative treatment should be selected in such cases. However, postoperative survival cannot be accurately predicted. Therefore, there are lots of ongoing studies to identify more accurate prognostic factors that will allow appropriate patient stratification.
Prognosis is determined by several factors, of which the specific tumor stage and biology-and patient-related factors are particularly important, and the prognosis can potentially be modified by treatment. There is a wide range of patient-or tumor-related, and biochemical prognostic factors (Schmoll, et al., 2012) . A previous study identified 10 factors that were associated with a poor prognosis in advanced CRC: performance status ≥2, age ≥70 years,
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Tomokazu Kishiki*, Tadahiko Masaki, Hiroyoshi Mastuoka, Nobustugu Abe, Toshiyuki Mori, Masanori Sugiyama carcinoembryonic antigen (CEA) >50 μg/l, alkaline phosphatase (ALP) ≥ 300U/l, platelet count (PLT) ≥400 × 10 9 /l, hemoglobin (Hb) < 11 g/dl, white blood cell count (WBC) ≥ 10 × 10 9 /l, high lactate dehydrogenase (LDH) levels, low serum albumin levels, and the presence of the BRAF mutation (Schmoll, et al., 2012) .
With regard to the measures of systemic inflammatory response, the combination of C-reactive protein (CRP) and albumin-i.e., the original Glasgow prognostic score (original GPS) and modified GPS (mGPS)-has been shown to improve the accuracy with which cancerspecific survival can be predicted in various common solid malignancies (McMillan, et al., 2007) . Furthermore, we have previously reported a relationship between mGPS and prognosis in incurable stage IV CRC patients undergoing surgery (Kishiki, et al., 2013) . The mGPS score (0 and 1, low; 2, high) (P=0.0001) were significant predictive factors for postoperative mortality. The mGPS is simple and useful as a novel predictor of postoperative survival in patients with incurable stage IV colorectal cancer (Kishiki, et al., 2013) .
Moreover, other hematological components of the systemic inflammatory response have been combined to create an inflammation-based prognostic score that is associated with survival in cancer patients ( Table 1) . The neutrophil lymphocyte ratio (NLR), a combination of circulating neutrophil and lymphocyte counts (Walsh, et al., 2005) , has been associated with survival in lung (Sarraf, et al., 2009; Kao, et al., 2010) , and ovarian (Cho, et al., 2009 ) cancer, whereas the platelet and lymphocyte ratio (PLR), a combination of circulating platelet and lymphocyte counts, has been indicated to predict survival in pancreatic cancer (Smith, et al., 2009) . The CRP and WBC values have been combined to form a prognostic index (PI) that has been shown to be associated with lung cancer (Kasymjanova, et al., 2010) . Finally, Onodera's prognostic nutritional index (PNI) has also been found to be associated with survival in patients with pancreatic (Kanda, et al., 2011) , gastric (Nozoe, et al., 2010) , and esophageal cancer (Nozoe, et al., 2002) .
However, to our knowledge, there have been no reports on the comparison of various prognostic factors including many previously established prognostic factors (Schmoll, et al., 2012) and the systemic inflammationbased prognostic scores described above in incurable stage IV CRC patients. The aims of this study were to examine the relationship between preoperative prognostic factors, including inflammation based prognostic factors, and cancer specific survival (CSS) in patients with incurable stage IV CRC, to compare these prognostic factors, and to propose a new prognostic factor.
Materials and Methods
Between January 2005 and December 2013, 167 patients with incurable stage IV CRC were treated with resection only of a primary lesion (n=128), bypass surgery (n=3), colostomy (n=19) or chemotherapy alone (n=17) in our department. Preoperatively (7-30 days before surgery), routine laboratory examinations, including those for the levels of Hb, WBC, PLT, CRP, albumin, ALP, LDH, and tumor markers such as CEA and carbohydrate antigen 19-9 (CA19-9), were performed on the same day. Inflammation based prognostic scores(mGPS, NLR, PLR, PI and PNI)were calculated (Table1). This study was approved by the Research Ethics Committee, Hospital of Kyorin University School of Medicine.
Statistical Analysis
Values are presented as the mean and range (95% confidence interval). Cases who died before the end of December 2013 were included in the analysis.
CSS was calculated from the start of treatment to the last follow-up or death, using the Kaplan-Meier method. Comparisons between different groups were performed using log-rank tests. To identify the independent factors, multivariate analyses were performed using a logistic regression model for response and a Cox regression model Modified Glasgow Prognostic Score ( mGPS) Score C-reactive protein≤10mg/l and albumin ≥ 35g/l 0 C-reactive protein≤10mg/l and albumin < 35g/l 0 C-reactive protein>10mg/l 1 C-reactive protein>10mg/l and albumin < 35g/l 2 Neutrophil Lymphocyte Ratio (NLR) Neutrophil count: lymphocyte count < 5:1 0 Neutrophil count: lymphocyte count ≥ 5:1 1 Platelet Lymphocyte Ratio (PLR) Platelet count: lymphocyte count < 150:1 0 Platelet count: lymphocyte count 150-300:1 1 Platelet count: lymphocyte count > 300:1 2 Prognostic Index (PI) C-reactive protein≤10mg/l and white cell count ≤10× 10 9 /l 0 C-reactive protein≤10mg/l and white cell count >10× 10 9 /l 1 C-reactive protein>10mg/l and white cell count ≤10× 10 9 /l 1 C-reactive protein>10mg/l and white cell count >10× 10 9 /l 2 Prognostic Nutritional Index (PNI) Albumin(g/L)+5×total lymphocyte count×10 9 /l ≥ 45 0 Albumin(g/L)+5×total lymphocyte count×10 9 /l < 45 1 
Results
Patient characteristics
The median follow-up period of this study was 23.5 months (range, 1-85 months). Baseline patients characteristic are shown in Table 2 . The study included 102 men and 65 women, and 100 patients had colon cancer and 67 had rectal cancer. The postoperative mortality rate was 1.2% (2/167). The postoperative complication rate was 7.8% (13/167).
Univariate analysis revealed significant association between CSS and WBC, ALP, albumin, CRP, CEA values, mGPS, PNI, and PI values among preoperative factors. (Table 3) In multivariate analysis on all factors, high mGPS and high CEA (≥50 ×μg/l) independently predicted shorter CSS, respectively. (Table 3) New Score: Inflammation-based score using mGPS and CEA Based on the results of the multivariate analysis, a new score using mGPS and CEA were constructed. Using this combined score, patients were categorized into three Three-year survival rates of patients with a predicted score of A, B, and C were 61.5%, 26.2%, and 0%, respectively. One-year survival rates of patients with a predicted score of A, B, and C were 97.6%, 70/3%, and 45.0%, respectively. This simple scoring system was found to be highly predictive of the long-term outcome (P<0.0001) categories. This scoring system accurately predicted CSS; median CSS was 69.8 months in category A, 23.3 months in category B, and 8.3 months in category C (p<0.0001). (Table 4 ) ( Figure 1) 
Discussion
Inflammatory processes almost always accompany cancer progression. Inflammation in the tumor microenviroment plays an important role in tumorigenesis, tumor promotion, tumor invasion, and metastasis through the recruitment of regulatory T lymphocytes and chemokines, activation of cytokines interleukin-6 and tumor necrosis factor-alpha, induction of neutrophilia, and secretion of CRP.
However, most studies have focused on one of these predictive factors. Only a few studies have compared and evaluated many factors, except for a recent large cohort study (Glasgow Inflammation Outcome Study) comparing the prognostic value of the mGPS, NLR, PLR, PI, and PNI at different tumor sites (Proctor, et al., 2011) .
Our findings of a positive association between an elevated mGPS and poorer prognosis are consistent with other studies .
This implied role of inflammation in cancer progression is supported by ongoing research on the effect of aspirin and other non-steroidal anti-inflammatory drugs on prevention of tumors, including cancers of the colon, lung, esophagus, stomach and bladder (Baron, et al., 2000; Langman, et al., 2000; Garcia-Rodriguez, et al., 2001; Daugherty, et al., 2011) . Based on our results, we suggested that the modification of the preoperative systemic inflammatory response in patients with stage IV CRC could also be a worthwhile research focus.
CEA can use in assessing the prognosis of the patients with metastatic CRC. CEA levels (>50μg/l) was established poor prognostic factors in advanced CRC (Schmoll, et al., 2012) . The results of this study support the usefulness of new scores (mGPS and CEA) for predicting CSS in patients with incurable stage IV CRC. Previous report showed that mGPS and CEA accurately predict OS in patients with liver metastasis from CRC (Kobayashi, et al., 2014) .
Furthermore, a combination score using both these indices was able to categories patients into three categories with significant differences in CSS. Between patients with normal status as defined by mGPS score 0 and CEA levels (≤50×10 9 /l) (median OS: 69.8 months) and patients with high score (median CSS: 8.3months), a clinically significant difference of 61 months was noted. (Figure 1) This study confirms not only the utility of GPS (McMillan, et al., 2007; Kishiki, et al., 2013) , but also the utility of CEA in predicting clinical outcomes in patients with incurable stage IV CRC.
Taken together, the results of the present study highlighted the importance of systemic inflammation in the poor outcome in patients with stage IV CRC. If this proves to be the case, then modulation of the systemic inflammatory response will become, in the future, an important therapeutic target in patients with incurable stage IV CRC. The limitations of the present study include its retrospective, single-center design and a potential bias in the selection of patients. It is well known that the tumor factors and postoperative factors are good prognostic indicators in patients with CRC, however, we could show that the analysis of pretreatment data was useful for decision making of appropriate treatment.
The present study indicates that a new scoring system, consisting of mGPS and CEA, is a simple and useful tool in predicting the survival of patients with incurable stage IV CRC, and should be included in the routine assessment of these patients for decision making of appropriate treatment.
